Optimum Implementation of the Specified Notches for Ultrasonic Detection of Longitudinal Defects on Steel Tubes by Ngo, P. A. et al.
OPTIMUM IMPLEMENTATION OF THE SPECIFIED NOTCHES FOR ULTRASONIC 
DETECTION OF LONGITUDINAL DEFECTS ON STEEL TUBES 
SUMMARY 
P.A. Ngo, B. Bisiaux, and H. Wiart 
(Vallourec Research Center Aulnoye 59620 FRANCE) 
G. Desmoulin (Vallourec Ind.-St.-Saulve Plant) 
A. Guely, A. Rousset (Valinox Venarey-les-Laumes Plant) 
On an automatie ultrasonic testing bench for seamless steel tubes, the 
choice of the incident angle of the transducers is fundamental. One has 
to consider not only the detection of the defects but also a good 
reproducibility of the detection. 
The first cause for concern for the operator would be the conciliation 
of the theoretical needs and the industrial requirements, thus leading to 
a compromise. 
For many years, the general trend consisted in operating by means of a 
fixed angle for medium and large diameters, and adjustable angles for the 
smaller ones. 
The choice used to be determined by the operator in the field. In 
certain cases, it was so difficult that it led to endless hesitation. 
Because of possible confusion, such a procedure has become less and less 
acceptable. 
A vast study has been carried out at Vallourec Industries and Va1inox 
to improve our knowledge of the phenomena and perform better ultrasonic 
testing. 
EXPERIMENTAL SET-UP 
Such a study required a lot of basic information. In order to get 
accurate data and without using too much time, we developed a special 
automatie system (Figure 1). 
OPERATING PROCEDURE 
The data was collected automatically using the following steps (Figure 
2). 
Much care has been taken to get very high accuracy of measurement. 
For instance, each plotted piece of data represents an average worked out 
from 50 single measurements. By doing so, the total error made for every 
measurement (f angle is negligible. 
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Main components of the set-up. 
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Main functions of the set-up. 
SELECTING THE TEST SAMPLES 
It is weIl known that the "as rolled tubes" do present some 
imperfections and thus they cannot be compared with machined tubes as far 
as geometrical characteristics are concerned. Though these imperfections 
might lead to false measurement results, we were conscious of the real 
situations on the shopfloor. So we decided to run our experiments using 
"as rolled tubes" and complete the information by complementary 
measurements made on machined tubes whenever necessary. 
However, to conciliate these tricky situations, the "as rolled tubes" 
were chosen among those which presented a good surface condition 
associated with an excentricity smaller than 5% of wall-thickness. 
The standard notches (Type N according to the ISO Standard: depth=5% 
of wall-thickness) were machined to satisfy the tolerance of ± 0.75% or ± 
0.05 mm whichever was greater. The two sides of the U are parallel within 
the limit of ± 0.2°. 
EXPERIMENTAL RESULTS 
On a first collection of sampIes of "as rolled" and machined tubes of 
medium diameters (30 to 150 mm) we studied the reproducibility of 
measurements made on the same side of the notch. It appeared that the 
total error was within the limits of ± 0.25°. 
On a second collection of sampIes of "as rolled tubes" we studied the 
differences observed on the various pieces having the same nominal size. 
It appeared that the response curves remained nearly the same except for 
the sensitivity level. 
On a third collection of sampIes of machined tubes we studied the 
influence of excentricity (Figure 3). Some differences were observed for 
the notches in the area ß compared with those in the areas A and C: the 
shape of the curves was slightly different but the variation in 
sensitivity was noticeable. It appeared that an excess of excentricity 
could create problems when adjusting the testing parameters. For 
satisfactory results, the excentricity of the test tube should be less 
than 5%. 
After collecting data over a wide range of diameters, wall-thicknesses 
and wall-thickness/diameter ratios, we tried to explain the experimental 
results with reference to the geometry of the test sampIes and the 
acoustical phenomena. 
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Figure 3 Influence of excentricity. 
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Figure 4 Typical response curves 
The general features of the response curves (Figure 4) can be summed 
up as folIows: 
For the external notches, all the curves are very similar in shape. 
They grow from an incident angle of about 12 to 13°, re ach the maximum at 
about 17 to 18° and then drop significantly to about 20 to 21°. 
For the internal noteh, most of the time the curves present 2 peaks 
separated by an area which is more or less flat, depending on the 
wall-thickness. The peaks are lower than the one observed for the 
respective external noteh. 
For the higher wall-thickness/diameter ratios, the whole curve moves 
towards the smaller incident angles. 
FURTHER COMMENTARY 
The observed phenomena could be explained in a satisfactory way if we 
refer to the following physical and geometrical properties. 
Figure 5 
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Generation of interference patterns. 
l-The refracted energy depends on the incident angle. 2-The 
ultrasonic echoes result primarily from a diffraction phenomenon caused by 
the edges of the notch. Depending on the angle between the beam axis and 
the flat surfaces of the notch, (and its sizes as weIl) the interference 
pattern can be determined very easily. 3-The angle between the beam axis 
and the bottom of the external notch equals the refracted angle. For the 
internal notch, it varies as a function of the wall-thickness/diameter 
ratio (Figures 5 and 6). 4-The greater the incident angle and the 
wall-thickness, the larger the spreading of the ultrasonic beam. 
Consequently the energy arriving onto the notch will decrease. 
Taking into account all these facts we can draw conclusions as 
follows. 
Concerning the External Notches 
At an incident angle of about 12°, because of the low level of the 
refracted energy, the echo amplitude is small. For greater angles, the 
curve grows to re ach a peak at about 17° obtained as a combination of a 
constructive interference phenomenon and the maximum of the refracted 
energy. Then the decrease occurs as a consequence of the decrease of the 
refracted energy and the effect of a destructive interference phenomenon. 
Concerning the Internal Notches 
Here the phenomena are a little more complex. One should consider the 
angle between the beam axis and the surfaces of the notch, which is very 
dependent on the wall-thickness/diameter ratio (Figure 5). 
For that reason, the whole curve moves towards the smaller incident 
angles when the wall-thickness/diameter ratio increases. 
On the other hand, the existence of the 2 peaks can be explained as an 
effect of the interference phenomenon, which is constructive at around 40° 
and 65°, and destructive at around 50°. The greater the wall-thickness and 
the depth of the notch, the flatter the response curve, seeing as the 
diffraction phenomena is attenuated by the direct reflection of the 
ultrasonic beam. 
EXTENSION TO THE LARGER AND SMALLER SIZES 
Large diameters ranging from 100 to 400 mm are associated with 
wall-thicknesses ranging from 6 to 30 mm. 
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Figure 7 Extension to the smaller sizes 
Our study led to the conclusion that an incident angle of 17° (which 
corresponds to the maximum of the refracted energy) can be adopted as a 
satisfactory compromise for most cases. 
Small diameters ranging from 16 to 30 mm are associated with 
wall-thicknesses ranging from 0.5 to 1.75 mm and wall-thicknesses/diameter 
ratios ~ 0.1. (These tubes are in stainless steel or in titanium, for 
nuclear applications.) 
Curves showing the echo amplitude as a function of the incidence angle 
were plotted. 
For such small wall-thicknesses one cannot consider the effect of the 
interference phenomena any more. What is now worth mentioning is the 
effect of the Rayleigh waves (at around 25 to 30°) and the Lamb waves (at 
around 10 to 15°). Their combined effect is an echo amplitude which 
remains high enough up to an incidence angle of around 30° (for the 
external noteh). 
In most cases, the curves corresponding to the internal and external 
notch intersect for an incident angle which is dependent on the 
wall-thickness/diameter ratio (20 to 24° for a ratio< 0.05 and 14 to 16° 
for a ratio> 0.05 (Figure 7). 
At these particular points, a small variation of the incident angle 
could lead to large variations of the echo amplitude. In order to avoid 
such a problem, an incident angle of 16 to 20° was chosen as a compromise. 
CONCLUSION 
This vast study enabled us to determine the appropriate incident angle 
in relation to any dimensions of tubes to be tested. Backed by plausible 
explanations we definitely think that the data can be exploited, with much 
confidence, for accurate adjustments. 
As a consequence, a new generation of ultrasonic automatie testing 
equipment has been designed. All the necessary adjustments of electronic 
and mechanical parameters are currently made using a computer program. 
Obviously, the set-up time has been substantially shortened, and the 
testing is constantly run under optimized conditions. 
In some cases, statistical charts are proving their usefulness in 
showing the operator that everything is in good order for hirn to continue 
testing without taking any risks. 
As a next step, we are going to study the optimization of the 
detection of the natural defects. 
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